We extend the Standard Model with an EW fermion triplet, stable thanks to one of the accidental symmetries already present in the theory. On top of being a potential Dark Matter candidate, additional motivations for this new state are the stability of the vacuum, the fact it does not introduce a large fine-tuning in the Higgs mass, and that it helps with gauge coupling unification. We perform an analysis of the reach for such a particle at the highluminosity Lhc, and at a futuristic 100 TeV pp collider. We do so for the monojet, monophoton, vector boson fusion and disappearing tracks channels. At 100 TeV, disappearing tracks will likely probe the mass region of 3 TeV, relevant for thermally produced Dark Matter. The reach of the other channels is found to extend up to ∼ 1.3 (1.7) TeV for 3 (30) ab −1 of integrated luminosity, provided systematics are well under control. This model also constitutes a benchmark of a typical WIMP Dark Matter candidate, and its phenomenology reproduces that of various models of Supersymmetry featuring a pure Wino as the lightest sparticle.
Introduction
The first run of the Lhc ended without any direct evidence for New Physics (NP). Analogously, precision measurements of flavour, electroweak and Higgs observables have all shown a remarkable agreement with the Standard Model (SM) predictions. This situation casts doubts on naturalness of the Fermi scale, at least in its stricter sense [1] , as the guiding principle to build NP models and, ultimately, to provide a guidance for future experimental searches.
Other solutions to the hierarchy problem exist, that are not weakened by the absence of physics beyond the Standard Model (BSM) at current experiments, nor eventually at future ones. One amounts to loose the requirement of naturalness, by assuming that gravity does not give large radiative corrections to the Higgs mass [2, 3] . While the viability of such an assumption is still a matter of inquiry 1 , it opens interesting new avenues in model building: to be allowed, any NP has at least not to give large contributions to the Higgs mass [6] . Another solution consists in letting the parameters of the theory scan, in some sense, over an ensemble (a "Multiverse") of values, on which the measured ones are selected by a criterion, like the anthropic one (see [7] for a recent discussion). Both these possibilities, at present, do not give by themselves any indication of where to expect NP to show up.
Such an indication may be provided, at the price of losing generality, by specific solutions to other problems of the Standard Model, like for example the nature of Dark Matter (DM). In this paper we will explore such a case, motivating an electroweak fermion triplet as a minimal candidate for weakly interacting massive particle (WIMP) Dark Matter. A mass in the multi-TeV range naturally arises in this scenario, which poses a challenge to detection. We will review the status of Direct and Indirect Detection searches, and explore in detail the phenomenology at future colliders.
With this last respect, the analysis we present constitutes a useful benchmark case. In fact, till now Atlas and Cms have mainly cast their searches for Dark Matter using an effective field theory language, also to allow for a simple comparison with the limits from Direct Detection experiments. Given the high center-of-mass energies, such a choice is at least questionable for the 8 TeV run of the Lhc, and its domain of validity will further shrink at higher energies [8] [9] [10] [11] . New ways of running the searches and expressing the bounds will be a necessity, the main options being simplified and, indeed, benchmark models (see e.g. [12] [13] [14] [15] [16] [17] [18] [19] for previous examples).
In particular, we will compute the exclusion reaches of the Lhc-14 with an integrated luminosity L = 3 ab −1 , and of a 100 TeV pp collider, for L = 3 and 30 ab −1 . The project of such a high energy machine is under thorough discussion in the community, and we believe this study adds to the physics motivations for its realisation.
The rest of the paper is organized as follows. In Section 2 we introduce explicitly the model and illustrate the reasons why it is interesting, as a DM candidate and beyond. Section 3 contains our main results for the monojet, monophoton, vector boson fusion and disappearing tracks channels. We present in detail the analyses we have performed, as well as the link with previous literature on the subject. In Section 4 we briefly address the phenomenology of such a candidate concerning Direct and Indirect DM searches. In Section 5 we summarize and conclude.
The model: construction and motivations
We add to the Standard Model particle content a fermion χ, triplet under the SU (2) L group and singlet under color and hypercharge (Y = 0). We insist that all the possible interactions of χ with Standard Model particles have to preserve the gauge and accidental symmetries of the Standard Model, i.e. most notably lepton number or B − L 2 , under which χ is assumed to be neutral. This last requirement is crucial since it forbids the presence of higher dimensional operator that could lead to a decay of χ. Hence, the phenomenologically relevant Lagrangian is very simple and reads
where g is the SU (2) gauge coupling, and s w and c w are the sine and cosine of the Weinberg angle. The difference M χ ± − M χ 0 at the two-loop level is 164 ÷ 165 MeV (stable to the level of 1 MeV for M χ 0 1 TeV) [20] .
This minimalistic picture is directly inspired by the Minimal Dark Matter model [21, 22] , which had already considered the phenomenology of EW multiplet as DM candidates. In that construction, however, the main focus had been dedicated to the 5-plet particle, which does not require the enforcement of B − L for stability. The triplet under examination here, on the other hand, possesses several virtues that make it very interesting, even beyond the DM motivation. Let us schematize the main different reasons, both phenomenological and theoretical:
With the enforcement of B − L, χ is automatically stable, making it a potential candidate to constitute part or all of the Dark Matter. More precisely, if one requires that χ is thermally produced, via the standard freeze-out mechanism, and that it constitutes the whole of DM, then its mass M is univocally determined to be M 3.0 ÷ 3.2 TeV (we adopt here the value from [23] , which takes into account all higher order corrections, including the Sommerfeld enhancement). Other ranges of masses, however, are also interesting. For M 3 TeV, χ is a subdominant DM component if thermally produced, or it can still be the whole of DM if a non-thermal production history is assumed. For this region of mass, as we will see, collider searches are possible. For M 3.2 TeV non-thermal production has to be assumed to avoid the over closure of the universe. In the following we will leave M as a free parameter.
The presence of an EW multiplet changes the running of the Higgs quartic coupling [24] , increasing its value at higher energies. This helps to 2 or even a discrete subgroup, like matter parity. push the Higgs potential towards the stability regime, making it less uncomfortable. Moreover, the recent Bicep2 discovery [25] , if confirmed, suggests that the EW vacuum in which we live in would have already decayed [26] [27] [28] [29] [30] [31] in a universe where the SM holds up to the instability scale Λ = 10 9÷11 GeV. In this case, unless Planck suppressed corrections stabilise the vacuum during inflation [31] , some new physics making the quartic Higgs coupling larger than zero would be needed. The introduction of an EW fermion triplet is one of the simplest possibilities (see e.g. [24, 32] ) that address this issue.
The same EW triplet changes also the running of the gauge couplings, making g 1 and g 2 unify, at one loop, at a scale of 10 15 GeV (see e.g. [33, 34] ). It is remarkable that the triplet is the only SU (2) L fermion multiplet that allows, if alone, such scale to lie between M GUT and M Planck [34] . Concerning two loops, the multiplet which suffers from the most severe one-loop cancellations is the quintuplet, and the twoloop corrections are expected to worsen its situation 3 . For the triplet they are expected to raise by a factor of ∼ 2 the scale of unification of g 1 and g 2 [34] . In any case, such a value for the scale of a grand unified theory, in its simplest realisations, would be already excluded by the severe bounds on proton decay (again, see e.g. [33] ). However it is not difficult to imagine theoretical constructions that avoid this problem (see e.g. [34] or [35] ).
This minimal model has some interest also in relation to the hierarchy problem of the Fermi scale, if one assumes that gravity does not influence its radiative stability, like proposed in [2, 3] and recently reelaborated upon in [4, 6] . In fact values of M χ ≤ 3 TeV would imply a fine-tuning in the Higgs mass value at a level of 10% or better [6] , more precisely M χ < 1.0 TeV× √ ∆, with ∆ the amount of fine-tuning. Notice that, to achieve the same small amount of fine-tuning, larger EW multiplets (like a quintuplet) would have to be much lighter. This adds to the motivation for a 'light' χ.
Last but not least, this minimal model can be seen as a benchmark of the typical thermal-relic WIMP Dark Matter candidate, as we already mentioned. It is a prototype of more complicated models, and it can reproduce their low energy phenomenology to a remarkable accuracy. For example it effectively reproduces more complete unified models like [34] , as well as a Supersymmetric spectrum in which a pure Wino is the lightest EW superpartner, a possibility that recently attracted lot of attention in different models of SUSY at higher scales [33, [36] [37] [38] [39] [40] [41] [42] . Here it is important to stress that the value of the mass splitting M χ ± −M χ 0 , which is crucial for the phenomenology we will discuss, is robust against corrections from possible UV models. In fact, as remarked in [20] , the first operator that can induce a further splitting arises at dimension 7.
Detection at 14 and 100 TeV pp colliders
In this Section we analyze the prospects for detection of the Wino-like Dark Matter candidate at proton-proton colliders. We present an overview in Section 3.1, and describe the tools we use and our general strategy in Section 3.2. Finally, in Section 3.3 we present a detailed description of the analyses performed, and a discussion of their results.
Overview
Pair produced Dark Matter particles can be searched for in events with large missing transverse energy ( E T ) in association with hard SM radiation. The channels typically considered are the so called "mono-X" ones, where X can be a highly energetic jet or photon, but also a W boson, a Z boson, a Higgs etc. Within this category, we will focus on the monojet and monophoton channels. An additional strategy to look for Dark Matter in association with large E T is via vector boson fusion (VBF) processes. They are characterized by two forward jets with large invariant mass: these peculiar kinematical properties can be exploited to reduce the SM background and increase the sensitivity to Dark Matter particles with electroweak couplings. We will include this channel in our analysis.
In the searches mentioned so far, the signal receives contribution not only from the neutral component of the electroweak multiplet, i.e. the Dark Matter candidate, but also from the electrically charged partner. Indeed, for the small mass splitting under consideration (164 ÷ 165 MeV), the charged component χ ± decays into χ 0 and low-momentum charged pions π ± , which are not reconstructed at the Lhc. Moreover its lifetime, τ 0.2 ns, corresponds to a decay length at rest d 0 = cτ 6 cm. Current detectors typically do not reconstruct charged tracks shorter than O(30) cm, therefore the bulk of the χ ± produced in partonic collisions contributes to the missing transverse momentum and energy of the events, in the same way as χ 0 .
Still, a small but non-negligible fraction of the χ ± s, corresponding to the tail of the decay distribution, can travel enough to leave a track in the detec-tor. These events would appear as high p T charged tracks ending inside the detector, once the χ ± decays into χ 0 and soft undetected pions. At Lhc with √ s = 8 TeV, searches of "disappearing tracks" provide the most sensitive probe of the scenario under consideration. The analysis presented by Atlas in [43] excludes M χ ± < 270 GeV (95% CL) with L = 20.3 fb −1 . In this work we will study the expected sensitivity for disappearing tracks searches at future pp colliders. Summarizing, we consider four possible channels to search for a stable fermion electroweak triplet: monojet, monophotons, vector boson fusion and disappearing tracks. We compute the exclusion sensitivies for
• the Lhc with a center of mass energy of √ s = 14 TeV and an integrated luminosity of L = 3 ab −1 , which is expected to be delivered in the High Luminosity (HL) run,
• a futuristic pp collider operating at √ s =100 TeV, for L = 3 ab −1 and L = 30 ab −1 . The latter benchmark of integrated luminosity has for instance already been considered in [44] for stop searches.
Strategy
To perform our analysis we implement the model described by Eq.(2.1) in FeynRules 2.0 [45] . The events are simulated using MadGraph5 [46] at the matrix element level and Pythia 6.4 [47] 4 , included in the default MadGraph package, for showering and hadronization. We use the 'cteq6l1' pdf set. We adopt Delphes 3 as a detector simulator [49] , using for definiteness the default delphes Cms card 5 .
For each channel we simulate the most relevant SM backgrounds and the signal. Then, we investigate the most appropriate selection cuts on the kinematical variables in order to maximize the significance, which is computed as follows:
where S and B are respectively the expected number of signal and background events passing the cuts. In Eq.(3.1) we sum in quadrature the statistic and systematic uncertainties. We denote the latter ones as α for the Figure 1 . Illustration of some Feynman diagrams for monojet processes.
background and β for the signal. We then consider two possible scenarios: an optimistic one, corresponding to α = 1%, and a more conservative one, where we fix α = 5%. For the monojet and monophoton analyses, this second value is in line with the systematics quoted by current experimental searches, see [51, 52] and [53, 54] respectively. For the VBF analysis it instead corresponds to a moderate improvement with respect to the present situation, which we infer from invisible Higgs decay searches [55] , given that analogous DM searches in VBF have not yet been published. For simplicity of exposition, we stick to the same value of 5% also for this last analysis. The disappearing tracks channel deserves special scrutiny, and we refer to Sect. 3.3.4 for a discussion of the systematic uncertainties associated with the backgrounds. Concerning the signals, we assume β = 10% for all the analyses under consideration, and this has only a marginal impact on our results.
Analyses and results

Monojet
Monojet searches require a hard central jet and large E T , and they have been performed at the 8 TeV Lhc by the Atlas and Cms collaborations [51, 52]. The signal is produced by processes like those in Fig. 1 . The dominant backgrounds are Z+jets with the Z boson decaying into neutrinos, and W+jets with the W decaying leptonically and the lepton is either undetected (too soft or close to the beam axis) or mistagged. Further background processes, which in [51, 52] account for less than 2% of the total event rate, are: tt, Z( )+jets, single t and QCD multijets. We discard these subdominant backgrounds from our analysis.
We first validate our simulation, matching one and two jets samples, against the analysis of Ref.
[51] performed at 8 TeV with L = 19.6 fb −1 . We find a good agreement in the expected number of Z(νν)+jets and W( ν)+jets background events, after applying the analysis cuts.
We simulate the backgrounds and the signal at 14 TeV and 100 TeV and, Cuts 14 TeV 100 TeV 3 ab −1 100 TeV 30 ab following the available experimental searches, we impose the following cuts:
• we require missing transverse energy > E T ,
• we require the jet to be hard, i.e. with transverse momentum p T > p T (j 1 ), and central, i.e. with pseudorapidity η < η 1 ,
• a second jet with p T > p T (j 2 ), |η| < 4.5, and azimuthal separation from the leading jet < ∆φ is allowed, while additional jets are vetoed,
• events with leptons are vetoed if the lepton has η < 2.5 and p T > p T ( ) (electrons and muons), p T > p T (τ ) (taus).
The analysis cuts are summarized in Table 1 . Two of them, E T and p T (j 2 ), are left free to vary over the ranges specified in the table, while the others are fixed. For each mass M χ 0 , we compute the sensitivities over the 2-D grid of E T -pt(j 2 ) cuts, and then we select the largest one. We note that the best choice of the analysis cuts depends on the assumption for the systematic uncertainties of the background (i.e. 1% or 5%). In particular larger systematics typically demand tighter cuts, as expectable from the way the significance scale with the number of events (3.1), different in the two cases of systematicsand statistics-domination. The values of cuts which are kept fixed have been previously determined in a more complete scan, where they have all been left varying. A priori, the precise choice of those cuts that maximizes the sensitivity depends on the mass M χ 0 of the simulated signal. However we find that fixing those cuts, for all the masses, to the values reported in Table 1 has a small impact on the final sensitivity. Therefore, for simplicity we fix their values for all the signal masses. The results are shown in Fig. 2 . The 95 % CL reach of Lhc-14 with L = 3 ab −1 is at the level of M χ ∼ 350 or 150 GeV, depending on the choice of systematic uncertainty of the background (as previously discussed, we fix either 1% or 5%). We find that a 100 TeV collider can improve the reach of a factor 3-4 with respect to Lhc-14. Systematic uncertainties play an important role in the determination of the sensitivity, especially at a 100 TeV collider. In particular raising the luminosity to L = 30 ab −1 would produce only a modest improvement of the sensitivity, for a systematic uncertainty of α = 5%. However, it is not implausible that for such a high luminosity a better control of systematic uncertainties will be achieved. Our findings are in good agreement with those of Ref. [56] , where the monojet reach has been quantified for 14 and 100 TeV pp colliders with L = 3 ab −1 .
Monophoton
Monophoton searches at the Lhc have been performed by the Atlas and Cms collaborations [53, 54] . These analyses require a high p T photon in addition to large E T . Quality criteria and isolation requirements are imposed to the photon candidate. The largest background comes from γZ(νν) processes. Additional backgrounds include γW ( ν), W ( ν), γ+jets, multijet, γZ( ) and diphoton. Signal processes are for instance those shown in Fig. 3 . Notice that a photon can also be radiated from the final state, as opposite to the cases where the hard SM radiation on which one tags is constituted of jets, and also to other DM candidates where charged states do not contribute to the signal. We first compare our procedure, which includes matching with the case of one extra jet, with the Cms analysis at 8 TeV with L = 19.6 fb −1 [53] . The cuts that we implement are listed below (the precise values that we choose are those of [53] ). While we find good agreement for the background γW ( ν), our estimate for the γZ(νν) one is a factor 1.35 larger than that in [53] . This could be due to the fact that we are missing some selection cuts on the photon that are particularly difficult to implement in our analysis. Similar results have been found in the phenomenological studies [57, 58] .
For the projections at 14 TeV and 100 TeV colliders, we compute the background events including only γZ(νν) and γW ( ν) processes (which in the Cms analysis at 8 TeV account for ∼ 75% of the total background events [53]). We therefore caution that some degree of uncertainty in the background estimation is present in our analysis. Still our computations should be a reasonable estimate of the potential reach of future hadron colliders with the monophoton search.
The analysis cuts that we impose are:
• we require missing transverse energy > E T , • we identify the leading photon as the one with the highest p T among those that have p T > p T (γ) and pseudorapidity |η| < η γ ,
• the angular separation between the photon and E T should be larger than ∆φ,
• we discard events with more than one jet that has: i) p T > p T (j), ii) η < 4.5, iii) angular distance from the photon ∆R > 0.5,
• events with leptons are vetoed if the lepton is ∆R >0.5 away from the photon, and if it has η < 2.5 and p T > p T ( ) (electrons and muons), p T > p T (τ ) (taus). Table 2 summarizes the values of the cuts chosen. The p T of the photon and E T are scanned over the ranges specified in Table 2 . For each Dark Matter mass we compute the sensitivity for the points of the 2-D grid of cuts, and we select the maximal value. As for the monojet case, the values we kept fixed were preliminary determined scanning on a higher dimensional grid, which included η γ , ∆φ and p T (j). Fig. 4 shows our results. A 14 TeV collider will reach a 95 % CL sensitivity for Dark Matter masses at the level of 200 or 100 GeV, depending on the choice of the systematic uncertainties (we recall that for the background systematics we choose either 1 or 5 %). We find that the reach at 100 TeV with L = 3 ab −1 will extend by a factor of 3-4 in mass, and that again a control of systematic uncertainties will play a crucial role in exploiting the potential of possible higher integrated luminosities. Among the searches that we analyse, the monophoton one turns out to be that with the lowest mass reach.
Vector boson fusion
Vector boson fusion processes have been investigated by the Cms collaboration at Lhc-8 in order to search for invisible decay channels of the Higgs boson [55] . This channel can be exploited also to look for Dark Matter particles with electroweak interactions, like the candidate we are considering. VBF processes are characterized by two forward jets in opposite hemispheres (i.e. well separated in pseudorapidity), and with a large invariant mass. Cuts on these variables as well as the requirement of large E T are used in order to reduce the SM background. Examples of diagrams relevant for this search 6 are shown in Fig. 5 . The dominant backgrounds result from Z(νν)+jets and W( ν)+jets (where the lepton is lost) events. For example in the search of Cms at 8 TeV [55] they constitute ∼ 85% of the total.
We simulate the Z(νν)+jets and W( ν)+jets backgrounds as well the signal for different Dark Matter masses at 14 and 100 TeV. As a check, we verify that we reproduce with good agreement the background counts of [55] . Like for the case of the monojet analysys, we first scan over several cuts on the kinematical variables, in order to optimize the sensitivity to the DM signal. We then identify the cuts which are more relevant to determine the sensitivity for different Dark Matter masses (which we find to be E T and, to a lower extent, tha azimuthal separation of the leading jets ∆φ), and for simplicity we fix the remaining ones. The final analysis cuts are the following:
• we require two leading jet, defined as those with the largest p T , each of them satisfying p T > p T (j 12 ) and |η| < 4.5 .
• the two leading jets should also be well separated in pseudorapidity, |∆η| > ∆η 12 and η 1 · η 2 <0
• they should have a high invariant mass M j 1 j 2 > M jj ,
• and their azimuthal separation should not exceed ∆φ,
• we reject events with additional jets satisfing p T > p T (j 3 ), |η| < 4.5 and pseudorapidity between the two tagged jets,
The analysis cuts are shown in Table 3 . For each value of the Dark Matter mass we scan over the ranges of values of E T and ∆φ in Table 3 and we identify the maximal sensitivity.
The results are shown in Fig. 6 . The 95 % CL reach at a 14 TeV collider is at the level of 250 and 100 GeV, respectively for 1% and 5% systematics. For the same range of the systematics, the reach of a 100 TeV collider is found to lie between 500 and 900 GeV (L = 3 ab −1 ), and 800 and 1300 GeV (L = 30 ab −1 ) The VBF search appears somehow less promising than the monojet one. Still, over a wide range of masses, a possible discovery in the monojet channel would also be confirmed with VBF processes. This will be a precious piece of information in order to constrain the properties of a possible future Dark Matter signal. We finally note that our expected sensitivities are significantly lower than those found in [59] , where the reach of the VBF channel for Winos has been analysed at the Lhc-14. While we have not been able to ultimately trace back the origin of this discrepancy, it can be useful to mention two of the several checks we performed: i) this difference is not simply ascribable to the fact that, in [59] , systematics effects have been neglected, ii) we obtain a higher background count at high E T cuts.
Disappearing Tracks
Disappearing tracks signatures have received significant attention in the context of SUSY Winos [56, [60] [61] [62] [63] [64] [65] [66] [67] . As mentioned in Section 3, searches at Lhc-8 exclude M χ ± < 270 GeV at 95% CL. The analysis has been performed by the Atlas collaboration using 20.3 fb −1 of data [43] . This search requires large E T , a jet with large p T to trigger the signal event, and at least a track with high p T . The candidate track should satisfy additional criteria, for instance to ensure well reconstruction and isolation.
The background originates from charged hadrons interacting with the inner detector, unidentified leptons (lepton tracks) and charged particles with highly mismeasured p T . In the Atlas analysis, the latter background is largely the dominant one for p T of the track (x = p track T ) higher than 100 GeV, and it is found to be fitted by a power law dσ/dx ∝ x −a , with a = 1.78 ± 0.05. The expected background events are not estimated, in the experimental analysis, by means of MC simulations. Rather the p T shape for the different sources of background is identified using data in appropriate control regions. Then, to determine the reach of this search, the observed p T distribution of the tracks is fitted with the signal and background templates.
For these reasons, a precise determination of the sensitivity of this channel at future colliders looks particularly complicated. Following [56] we adopt instead a simple prescription. We assume the background will still be dominated by charged particles with highly mismeasured p T , and we take the power law behaviour of the p track T distribution previously mentioned. We fix the normalization by matching with the number of observed events in [43] . Then, we assume that the bulk of the background is originated by Z(νν)+jets processes. We extrapolate the 8 TeV background at other center of mass energies in the following way: we extract the background cross section at 8 TeV, and we rescale it at higher energies with the ratio of the Z(νν)+jets crosssections at those energies, computed with the appropriate analysis cuts (see below the cuts considered for 14 TeV and 100 TeV colliders and [43] for those at 8 TeV). In order to account for the large uncertainties introduced with this procedure, the sensitivity is estimated also for two extreme cases, corresponding to a further multiplication of the background events by a factor of 5 and 1/5. One could also estimate the uncertainty on the background events varying the index a of the p track T distribution. We checked that changing a around ±5σ from its central value, produces a smaller uncertainty band than the method that we have adopted.
For the signal we perform our analysis simulating events with χ ± and a jet with MadGraph and Pythia, including matching with the case of one extra jet. For the sake of illustration, we show some channels for signal production in Fig.1 . These processes are common also to monojet searches. However, we remind that in this analysis the χ ± is required to decay well inside the detector. In our analysis, the χ ± decays are simulated with an exponential decay law, with the lifetime τ computed in [20] . The radial distance travelled by the track in the laboratory frame, d, is then d = βγcτ. Finally, we apply the following cuts, which follow those in [43] :
• we require at least one jet with p T > p T (j 1 ) and |η| < η(j 1 ), Table 4 . Analysis cuts for the disappearing track search at 14 TeV and 100 TeV colliders.
• we compute the azimuthal separation between the leading jet and E T , ∆φ j− E T . If the event contains multiple jets with p T > p T (j 2 ), we consider also ∆φ j− E T of the second jet. The smallest ∆φ j− E T is then used. The event is required to have ∆φ j− E T > 1.5.
• The event is required to contain at least one track with p T > p track T and 0.1 < |η| < 1.9,
• the track should be isolated, therefore we reject events with jets residing in a cone of ∆R < 0.4 around the track and with p T > p T (j 2 ),
• the track should have a radial length 30 < d < 80 cm in order to be properly reconstructed by the tracker,
• events with reconstructed electrons and muons are vetoed.
We first simulate the signal at 8 TeV with L = 20.3 fb −1 , and we apply the cuts of [43] . The number of signal events is then matched to the value in [43] multiplying for an efficiency , that we find to be = 0.51. We use this efficiency also for the analysis at 14 and 100 TeV colliders. The analysis cuts we use are shown in Table 4 . We have determined them by scanning on a 3-D grid in E T , p track T and p T (j 1 ), and choosing those that gave a high sensitivity without reducing the event counts below the level of a few. The sensitivity is computed fixing α = 20% and β = 10% in eq. 3.1.
The results are shown in Fig. 7 , with the band referring to the two choices of background estimation (i.e. the expected number of background events is multiplied or divided by a factor 5). In each band, we also show a dashed line corresponding to the central value for the background, i.e. in the absence of factors of 5. Among the searches we have considered, disappearing tracks are the most promising. At a 100 TeV collider they have a good chance to probe the thermal Dark Matter scenario, i.e. M χ 0 ∼ 3 TeV. We checked that we obtain good agreement with [56] , which performed the same analysis at 14 and 100 pp colliders for L = 3 ab −1 . Our sensitivities in Fig. 7 are higher because of the use of more stringent cuts.
We finally remark that, at future colliders, the reach of this channel will likely benefit by extending tracks reconstruction below the current ∼ 30 cm value. Due to our method for estimating the background, it was not possible here to address more quantitatively this expectation. Figure 8 . Illustration of the main 1-loop and 2-loops diagrams relevant for the computation of the scattering cross section on nuclei in Direct Detection.
Direct and Indirect Detection
In this Section we briefly review the constraints and perspectives for Direct and Indirect searches. We do not aim, however, at a comprehensive analysis, that we leave for upcoming work. We remind that the constraints considered here depend on the assumption that χ makes the whole of the DM in the Universe. If that is not the case, the bounds can be relaxed.
Direct Detection. The scattering on nuclei, relevant for Direct Detection (DD), proceeds at higher loops for this candidate, since the lack of coupling with the Z boson and the Higgs forbids tree level t-channel diagrams [21] . At one loop the process proceeds via the exchange of a box of W bosons or a W and a Higgs. At 2-loops, the scattering with the gluons in the nucleons becomes possible via a quark loop. See fig. 8 for an illustration. The computation is rather involved, due to subtle cancellations which occur between different operators (notably contributing to the 1-loop diagrams, which makes the inclusion of 2-loops necessary). It has been discussed over the years in [6, 21, [68] [69] [70] [71] [72] [73] [74] [75] . The most recent explicit computation, reported in [74] and based on [75] , is performed in the framework of the 'heavy WIMP effective theory' and therefore assumes m W , m h M χ . It yields
This value is unfortunately below the sensitivity of the current DD experiment and, for M χ 1 TeV, also below the reach of the next generation [76] . For multi-TeV mass it is also dangerously close to the 'WIMP discovery limit' imposed by the neutrino background. The prospects for detection via DD are therefore dim.
Indirect Detection. The DM triplet annihilates at tree level into W + W − and into three-body states with an internally irradiated photon. At 1-loop annihilations into γγ arise (see fig. 9 for an illustration). These processes give origin to fluxes of secondary particles which would constitute exotic contributions on top of the ordinary astrophysical fluxes, and which are therefore constrained by current observations. Detailed analyses have been performed in [77] , [78] and [23] . According to the latter, the most relevant bounds come from antiproton and gamma-ray line measurements. Antiprotons are abundantly produced in the W W DM annihilation channel and the measurements by the Pamela satellite [79, 80] significantly constrain any exotic component. However, the DM predictions are highly sensitive to the propagation model adopted for charged particles in the Galaxy, in particular to the thickness of the containment halo inside which cosmic rays diffuse. Ref. [23] finds that antiprotons exclude the range M χ 1 TeV and 1.9 TeV M χ 2.65 TeV if a very thick (20 kpc) diffusive halo is assumed, while only the portions M χ 400 GeV and 2.21 TeV < M χ < 2.46 TeV are ruled out if the halo is as thin as 1 kpc. Both choices are probably rather unrealistic but they generously bracket the current uncertainty.
A similar situation occurs for lines (or sharp features) in the gamma-ray spectrum, originated by the rightmost two diagrams in fig. 9 . These limits are very sensitive to the choice of DM distribution profile in the Galactic Center (GC) region. Ref. [23] finds that the exclusion contours from the Hess search for lines in the GC [81] rule out the whole range M χ 500 GeV and 1.7 TeV M χ 3.5 TeV if a benchmark Einasto profile is chosen 7 . However, if a (rather implausible) Burkert profile with a very large core is adopted, only the portion 2.25 TeV M χ 2.45 TeV can be excluded.
In the near future, Cta should be able to significantly improve on line searches for the GC region [82, 83] , by probing annihilation cross sections smaller than 10 −26 cm 3 /s on most of the mass range. 8 Concerning antiprotons, some improvement should come from upcoming Ams-02 data [85] . Increased sensitivity could also come from Fermi-LAT and Gamma-400 observation of dwarf galaxies [86] .
Conclusions and outlook
Searches of New Physics at Lhc have been unfruitful so far. The lack of evidence of new particles and interactions at the TeV scale puts tension to natural extensions of the SM, i.e. scenarios conceived to address the hierarchy problem of the electroweak scale. It is certainly premature to abandon naturalness as a criterion to approach NP. Still, it is worth considering different attitudes, for instance focussing on other open questions and investigate possible solutions in the context of NP models.
In particular understanding the nature of Dark Matter is one of the most pressing challenges of modern astroparticle physics. Here we investigate a simple solution to this problem, inspired by the Minimal Dark Matter approach [21, 22] . We consider an electroweak fermion triplet as a Dark Matter candidate. Its stability is automatic if the accidental B − L symmetry of the SM, or a discrete subgroup of it, is respected by NP interactions. This particle is a prototype of a WIMP candidate and it achieves the correct relic abundance for M χ ∼ 3.0 − 3.2 TeV. Different masses are also viable in presence of non-thermal production mechanisms, in non-standard cosmological scenarios or simply if the candidate accounts only for a fraction of the Dark Matter abundance.
As exposed in Section 2, this minimal extention of the SM has additional attractive features. An electroweak triplet at the TeV scale can influence the Figure 10 . Indication of the current bounds and future prospects for the electroweak triplet Dark Matter candidate. Solid contours show the current bounds. Dashed contours refer to the reach of future experiments. For the collider analysis we have considered the 95 % CL sensitivity. For definiteness, at a 100 TeV collider we show the reach for L = 3 ab −1 and 1% of background systematics. As discussed in the text, for disappearing tracks the estimate of the background at future colliders is particularly challenging. In this case, the reach refers to a moderate choice of the background uncertainty (the dashed line in Fig. 7) .
running of the quartic coupling of the Higgs, stabilizing the Higgs vacuum. Moreover, it does not introduce large radiative corrections to the Higgs mass, and it helps to achieve the unification of the gauge couplings. This particle emerges also in more general scenarios, like SUSY models [33, [36] [37] [38] [39] [40] [41] [42] , GUT constructions [34] , and also in other contexts [87, 88] . Searches of this Dark Matter candidate with Direct Detection experiments are challenging, since the loop-induced scattering cross-section off nuclei is very small, well below the sensitivity of current experiments. Indirect Detection strategies are more promising. Gamma-rays and anti-protons observations exclude the range M χ 1 TeV and 1.7 TeV M χ 3.5 TeV, although we remind that these limits are subject to large astrophysical uncertainties. Moreover they hold under the assumption that the electroweak fermion triplet accounts for all of the observed Dark Matter abundance. Likely, new astrophysical observations will improve current Indirect Detection bounds in the near future.
In this work we have studied the reach of future proton colliders for the electroweak fermion triplet. We have focussed on two scenarios: Lhc at and L = 30 ab −1 . We have studied four channels: monojet, monophoton, VBF processes and disappearing tracks. Disappearing tracks are the most promising probe of this scenario. At the HL Lhc-14 they will be able to test masses M χ 500 GeV. In agreement with [56] , we have found that a 100 TeV collider can potentially cover a range of mass up to the thermal Dark Matter one. Among the other searches, monojet are the most powerful. The potential reach (we refer to 95 % CL) at a 100 TeV collider is around M χ ∼ 1.3 TeV with L = 3 ab −1 and M χ ∼ 1.7 TeV with L = 30 ab −1 . This estimate is based on an optimistic assumption on the systematic uncertainties on the background, i.e. 1%. We have found that for a more conservative choice, i.e. 5%, the reach reduces significantly (around M χ ∼ 500 GeV). Similar conclusions have been obtained for VBF and monophoton searches, with however slightly smaller reaches.
Other potential channels that could be interesting include mono-Z and mono-W . They will be a valuable avenue for future searches, even if, for this scenario, they are not expected to have a reach better than the one of monojet [89] .
We conclude summarizing our results in Fig. 10 . In this plot we compare the sensitivities of direct, indirect and collider searches. The reach of direct searches is quite modest (the future LZ experiment could possibly cover the region M χ 600 GeV [76] ). Indirect searches constrain either the low mass or the high mass region (the latter thanks to the presence of the Sommerfeld enhancement). We have found that collider searches have the potential to fill the gap, especially with disappearing tracks. Monojet, VBF and monophoton searches will provide complementary information.
